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(54) Sensor utilizing attenuated total reflection 

(57) A sensor utilizing attenuated total reflection 
(ATR) is provided with a dielectric block, a thin film layer 
formed on a surface thereof, a light source for emitting 
a beam, and an optical system for making the beam en- 
ter the dielectric block at various angles of incidence so 
that a condition for total internal reflection is satisfied at 
an interface between the dielectric block and the thin 
film layer. The sensor is further provided with a photo- 



detection section for detecting the ATR, a differentiation 
section for differentiating signals output from the light- 
receiving elements of the photodetection section, in a 
direction in which the light-receiving elements are jux- 
taposed, and an adjustment section for optically ex- 
panding the width of a dark line, corresponding to the 
ATR, of the beam which falls on the photodetection sec- 
tion, so that the width of the dark line becomes greater 
than a pitch between the light-receiving elements. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 5 

[0001] The present invention relates to a sensor uti- 
lizing attenuated total reflection (hereinafter referred to 
as ATR), such as a surface plasmon resonance sensor 
for quantitatively analyzing a substance in a sample by 
utilizing excitation of a surface plasmon, and more par- 
ticularly to a sensor, utilizing ATR, of a type that detects 
a dark line occurring in a reflected light beam due to ATR 
by the use of photodetection means consisting of a plu- 
rality of light-receiving elements juxtaposed in a prede- 
termined direction. 

Description of the Related Art 

[0002] in metals, if free electrons are caused to vi- 
brate in a group, compression waves called plasma 
waves will be generated. The compression waves gen- 
erated in a metal surface are quantized and called a sur- 
face plasmon. 

[0003] A variety of surface plasmon resonance sen- 
sors have been proposed for quantitatively analyzing a 
substance in a sample by taking advantage of a phe- 
nomenon that a surface plasmon is exited by light 
waves. Among such sensors, one employing a system 
called "Kretschmann configuration" is particularly well 
known (e.g., see Japanese Unexamined Patent Publi- 
cation No. 6 (1994)-1 67443). 

[0004] The surface plasmon resonance sensor em- 
ploying the "Kretschmann configuration" is equipped 
mainly with a dielectric block formed, for example, into 
the shape of a prism; a metal film, formed on a surface 
of the dielectric block, for placing a sample thereon; a 
light source for emitting a light beam; an optical system 
for making the light beam enter the dielectric block at 
various angles of incidence so that the condition for total 
internal reflection is satisfied at the interface between 
the dielectric block and the metal film; and photodetec- 
tion means for detecting the state of the surface plas- 
mon resonance, that is, the state of ATR by measuring 
the Intensity of the light beam satisfying total internal re- 
flection at the interface. 

[0005] In order to obtain various angles of incidence, 
as described above, a relatively thin light beam may be 
caused to strike the above-mentioned interface at dif- 
ferent angles of incidence, or relatively thick convergent 
or divergent rays may be caused to strike the interface 
so that they contain components incident at various an- 
gles. In the former, the light beam whose reflection angle 
varies with a change in the incidence angle of the inci- 
dent light beam can be detected by a small photodetec- 
tor that is moved in synchronization with the variation in 
the reflection angle, or by an area sensor extending in 
the direction in which the angle of reflection varies. In 



the latter, on the other hand, rays reflected at various 
angles can be detected by an area sensor extending in 
the direction in which all of the reflected rays can be re- 
ceived. 

[0006] In the surface plasmon resonance sensor 
mentioned above, if a light beam strikes the metal film 
at a specific incidence angle 6 sp equal to or greater than 
a critical angle of incidence at which total internal reflec- 
tion takes place, evanescent waves having electric field 
distribution are generated in the sample in contact with 
the metal film, whereby a surface plasmon is excited at 
the interface between the metal film and the sample. 
When the wave vector of the evanescent light is equal 
to the wave number of the surface plasmon and there- 
fore the wave numbers between the two are matched, 
the evanescent waves and the surface plasmon reso- 
nate and light energy is transferred to the surface plas- 
mon, whereby the intensity of light satisfying total inter- 
nal reflection at the interface between the dielectric 
block and the metal film drops sharply. The sharp inten- 
sity drop is generally detected as a dark line by the 
above-mentioned photodetection means. 
[0007] Note that the above-mentioned resonance oc- 
curs only when the incident light beam is a p-potarized 
light beam. Therefore, in order to make the resonance 
occur, it is necessary that a light beam be p-polarized 
before it strikes the interface. 

[0008] If the wave number of the surface plasmon is 
found from a specific incidence angle at which ATR 
takes place, the dielectric constant of a sample can be 
obtained by the following Equation: 

K sp (co) = (<o/c) {e m (<o) e s } 1/2 /{£ m (o>)+e s } 1/2 

where Kg P represents the wave number of the surface 
plasmon, <o represents the angular frequency of the sur- 
face plasmon. c represents the speed of light in vacuum, 
and e m and e s represent the dielectric constants of the 
metal and the sample, respectively. 
[0009] If the dielectric constant e s of the sample is 
found, the density of a specific substance in the sample 
is found based on a predetermined calibration curve, 
etc. As a result, by finding the incidence angle 6^ at 
which the Intensity of reflected light drops, the dielectric 
constant of the sample, that Is, the properties of the sam- 
ple related to the refractive index thereof can be speci- 
fied. 

[0010] In this kind of surface plasmon resonance sen- 
sor, photodetection means in the form of an array can 
be employed with the object of measuring the aforemen- 
tioned incidence angle 0 sp with a high degree of accu- 
racy and in a large dynamic range, as disclosed in Jap- 
anese Unexamined Patent Publication No. 11(1999)- 
326194. The photodetection means is formed by a plu- 
rality of light-receiving elements juxtaposed in a prede- 
termined direction. The light-receiving elements are dis- 
posed to respectively receive the components of a light 
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beam satisfying total internal reflection at various angles 
of reflection at the aforementioned interface, 
[0011] In that case, differentiation means is provided 
for differentiating the photodetection signals output by 
the light-receiving elements of the aforementioned pho- 5 
todetection means, in the direction in which the light- 
receiving elements are juxtaposed. The properties of 
the sample related to the refractive index thereof are of- 
ten analyzed based on differentiated values output by 
the differentiation means, particularly the differentiated 10 
value corresponding to a dark line that occurs in a re- 
flected light beam. 

[0012] In addition, a leaky mode sensor is known as 
a similar sensor making use of ATR, as disclosed, for 
instance, in "Spectral Researches," Vol. 47, IMo.1 
(1 998), pp. 21 to 23 and pp. 26 and 27. The leaky mode 
sensor is constructed mainly of a dielectric block in the 
form of a prism, for example; a cladding layer formed on 
a surface of the dielectric block; an optical waveguide 
layer, formed on the cladding layer, for placing a sample 
thereon; a light source for emitting a light beam; an op- 
tical system for making the light beam enter the dielec- 
tric block at various angles of incidence so that the con- 
dition for total internal reflection is satisfied at the inter- 
face between the dielectric block and the cladding layer; 
and photodetection means for detecting the excited 
state of the waveguide mode, that is, the state of ATR 
by measuring the intensity of the light beam satisfying 
total interna! reflection at the interface between the die- 
lectric block and the cladding layer. 
[001 3] in the leaky mode sensor with the construction 
mentioned above, if a light beam falls on the cladding 
layer through the dielectric block at angles of incidence 
equal to or greater than an angle of incidence at which 
total internal reflection takes place, the light beam is 
transmitted through the cladding layer and then only 
light with a specific wave number, incident at a specific 
angle, is propagated in the optical waveguide layer in a 
waveguide mode. If the waveguide mode is excited in 
this manner, the greater part of the incident light is con- 
fined within the optical waveguide layer, and conse- 
quently, ATR occurs in which the intensity of light satis- 
fying total internal reflection at the above-mentioned in- 
terface drops sharply. Since the wave number of light 
propagating in the optical waveguide layer depends on 
the refractive index of the sample on the optical 
waveguide layer, the refractive index of the sample and/ 
or the properties of the sample related to the refractive 
index thereof can be analyzed by finding the above- 
mentioned specific angle of incidence at which ATR 
takes place. 

[0014] The leaky mode sensor also can employ the 
aforementioned photodetection means in the form of an 
array in order to detect the position of a dark line occur- 
ring in the reflected light by ATR. In addition, the afore- 
mentioned differentiation means is often employed 
along with the photodetection means. 
[0015] In the field of pharmaceutical research, etc., 



the above-mentioned surface plasmon resonance sen- 
sor and leaky mode sensor are sometimes used in a 
random screening method of finding a specific sub- 
stance that couples with a desired sensing medium. In 
this case, a sensing medium is placed on the aforemen- 
tioned thin film layer (i.e., the metal film in the case of 
the surface plasmon resonance sensor, or the cladding 
layer and the optical waveguide layer in the case of the 
leaky mode sensor), and various solutions of substanc- 
es (liquid sample) are added to the sensing medium, 
and each time a predetermined time elapses, the afore- 
mentioned differentiated value is measured. If the add- 
ed substances are coupled with the sensing medium, 
the refractive index of the sensing medium varies with 
the lapse of time by the coupling. Therefore, by detect- 
ing the above-mentioned differentiated value every time 
a predetermined time elapses and then judging whether 
or not the differentiated value has been varied, it can be 
judged whether or not the added substances and the 
sensing medium have been coupled, that is, whether or 
not the added substances are specific substances that 
couple with the sensing medium. In this case, both the 
sensing medium and the liquid sample are samples to 
be analyzed. As such a combination of specific sub- 
stances and a sensing medium, there is, for example, a 
combination of an antigen and an antibody. 
[0016] In the above-mentioned surface plasmon res- 
onance sensor and leaky mode sensor, incidentally, the 
properties of a sample related to the refractive index 
thereof have been found based on values obtained by 
differentiating the photodetection signals output from 
the light-receiving elements of the photodetection 
means. Because of this, in the case of measuring an 
incidence angle at which ATR takes place, for exam- 
ple, the width of a dark line corresponding to the inci- 
dence angle 6 sp is very narrow. When the width of the 
dark line is narrower than the pitch between two adja- 
cent light-receiving elements of the photodetection 
means, a difference in the incidence angle 9^, which 
corresponds to a difference in the position of incidence 
of a dark line whose width is less than the pitch between 
the light-receiving elements, cannot be detected and 
therefore an error in detection becomes great. In the 
case of measuring a change with the lapse of time in the 
incidence angle 6^ at which ATR takes place, the 
change with lapse of time In the incidence angle 6 sp can- 
not be detected if a change in the incidence position of 
a dark line corresponding to the change with lapse of 
time in the incidence angle 6 sp is less than the pitch be- 
tween the light-receiving elements. As a result, an error 
in detection becomes great and it becomes difficult to 
make an accurate analysis of a sample. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been made in view 
of the circumstances mentioned above. Accordingly, it 
is the primary object of the present invention to provide 
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a sensor, utilizing ATR, which is capable of adjusting the 
width of a dark line in a reflected light beam which cor- 
responds to ATR, enhancing accuracy of detection, and 
making an accurate analysis of a sample. 
[001 8] To achieve this end and in accordance with an 
important aspect of the present invention, there is pro- 
vided a sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 

athin film layer, formed on asurface of the dielectric 
block, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making the light beam enter 
the dielectric block at various angles of incidence 
so that a condition for total internal reflection is sat- 
isfied at an interface between the dielectric block 
and the thin film layer; 

photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a predeter- 
mined direction and disposed to respectively re- 
ceive components of the light beam satisfying the 
total internal reflection condition at the interface, for 
detecting the attenuated total reflection; 
differentiation means for differentiating photodetec- 
tion signals output from the light-receiving elements 
of the photodetection means, in the predetermined 
direction in which the light-receiving elements are 
juxtaposed; and 

adjustment means for optically expanding the width 
of a dark line, corresponding to the attenuated total 
reflection, of the light beam which falls on the pho- 
todetection means, so that the width of the dark line 
becomes greater than a pitch between the light-re- 
ceiving elements. 

[0019] In accordance with another important aspect 
of the present invention, there is provided a sensor uti- 
lizing attenuated total reflection, comprising: 

a dielectric block; 

a metal film, formed on a surface of the dielectric 
block, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making the light beam enter 
the dielectric block at various angles of incidence 
so that a condition for total internal reflection is sat- 
isfied at an interface between the dielectric block 
and the metal film; 

photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a predeter- 
mined direction and disposed to respectively re- 
ceive components of the light beam satisfying the 
total internal reflection condition at the interface, for 
detecting the attenuated total reflection caused by 
surface plasmon resonance; 
differentiation means for differentiating photodetec- 
tion signals output from the light-receiving elements 



of the photodetection means, in the predetermined 
direction in which the light-receiving elements are 
juxtaposed; and 

adjustment means for optically expanding the width 
5 of a dark line, corresponding to the attenuated total 
reflection, of the light beam which falls on the pho- 
todetection means, so that the width of the dark line 
becomes greater than a pitch between the light-re- 
ceiving elements. 

[0020] In accordance with still another important as- 
pect of the present invention, there is provided a sensor 
utilizing attenuated total reflection, comprising: 

a dielectric block; 

acladding layerformed on asurface of the dielectric 
block; 

an optical waveguide layer, formed on a surface of 
the cladding layer, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making the light beam enter 
the dielectric block at various angles of incidence 
so that a condition for total internal reflection is sat- 
isfied at an interface between the dielectric block 
and the cladding layer; 

photodetection means, comprising a plurality of 
light- receiving elements juxtaposed in a predeter- 
mined direction and disposed to respectively re- 
ceive components of the light beam satisfying the 
total internal reflection condition at the interface, for 
detecting the attenuated total reflection caused by 
excitation of a waveguide mode in the optical 
waveguide layer; 

differentiation means for differentiating photodetec- 
tion signals output from the light-receiving elements 
of the photodetection means, in the predetermined 
direction in which the light-receiving elements are 
juxtaposed; and 

adjustment means for optically expanding the width 
of a dark line, corresponding to the attenuated total 
reflection, of the light beam which falls on the pho- 
todetection means, so that the width of the dark line 
becomes greater than a pitch between the light-re- 
ceiving elements. 

[0021] As described above, the three sensors accord- 
ing to the present invention is characterized by compris- 
ing the adjustment means for optically expanding the 
width of a dark line, corresponding to the attenuated to- 
tal reflection, of the light beam which falls on the photo- 
detection means, so that the width of the dark line be- 
comes greater than a pitch between the light-receiving 
elements. 

[0022] The width of the dark line refers to the width of 
a region where light intensity is reduced to more than 
half the difference between the minimum value of the 
light intensity in the dark line region and the light inten- 
sity in a region other than the dark line, when the com- 
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ponents of the light beam are detected by the photode- 
tection means. That is, the width of the dark line is equiv- 
alent to the reverse of the full width at half maximum 
intensity (FWHM). 

[0023] The aforementioned sensors of the present in- 5 
vention may further comprise means for moving the ad- 
justment means in and out of an optical path between 
the dielectric block and the photodetection means. 
[0024] The aforementioned adjustment means can 
employ a diverging lens or diverging lens array. It can 
also employ a diffusing plate, a zoom lens, or the like. 
[0025] The three sensors of the present invention may 
further comprise means for moving the photodetection 
means in the direction in which the light beam propa- 
gates. 

[0026] In addition, the three sensors of the present in- 
vention may further comprise means for rotating the 
photodetection means on an axis substantially perpen- 
dicular to both the direction in which said light beam 
propagates and the predetermined direction in which 
the light-emitting elements are juxtaposed. 
[0027] The differentiated value that is output from the 
aforementioned differentiation means, as it is, maybe 
displayed on display means and used for analyzing the 
properties of a sample. Based on the differentiated val- 
ue, an incidence angle 8 sp at which ATR takes place 
may be automatically calculated and displayed on dis- 
play means. In addition, every time a predetermined 
time elapses, a quantity of change in the differentiated 
value can be calculated from the differentiated value. 
Based on the quantity of change, the properties of a 
sample can be analyzed. Furthermore, based on the in- 
cidence angle 6^, as well as a predetermined calibra- 
tion curve, etc., a quantitative analysis of a specific sub- 
stance in a sample may be automatically made and dis- 
played on display means in real time. 
[0028] It is preferable that the aforementioned differ- 
entiation means be capable of calculating a difference 
between photodetection signals output from adjacent 
light-receiving elements of the photodetection means. 
The photodetection means can suitably employ : for in- 
stance, a photodiode array, etc. 
[0029] According to the present invention, the width 
of a dark line, corresponding to ATR, of the light beam 
which falls on the photodetection means, is optically ex- 
panded by the adjustment means so that the width of 
the dark line becomes greater than the pitch between 
the light-receiving elements. The dark line occurring in 
the light beam is received by two or more light-receiving 
elements. The light-receiving elements that are receiv- 
ing the dark line will receive light having a light quantity 
which corresponds to the incidence angle 8 sp that is 
used for an analysis of the properties of a sample. 
Therefore, when differentiating the photodetection sig- 
nals output from the light-receiving elements, in the di- 
rection in which the light-receiving elements are juxta- 
posed, and then detecting an incidence angle fl sp or a 
change with the lapse of time in the angle from the dif- 
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ferentiated value, the accuracy of detection is enhanced 
and therefore an analysis of a sample can be accurately 
made. 

[0030] There are cases where the width of a dark line 
occurring in a light beam varies with sample types, the 
wavelength of the light beam, etc. If there is provided 
means for moving the adjustment means in and out of 
the optical path between the dielectric block and the 
photodetection means, the adjustment means can be 
disposed between dielectric block and the photodetec- 
tion means when it is necessary to expand a light beam 
to widen the dark line. When there is no need to expand 
a light beam, a reduction in the quantity of the light beam 
due to the adjustment means can be prevented by mov- 
ing the adjustment means out of the optical path be- 
tween the dielectric block and the photodetection 
means. 

[0031] If a diverging lens or diffusing plate is used as 
the adjustment means, an increase in the cost will be 
slight. In addition, if a zoom lens is employed as the ad- 
justment means, a light beam can be expanded with a 
desired magnification ratio in accordance with the width 
of a dark line occurring in the light beam. 
[0032] According to the present invention, there is 
provided means for moving the photodetection means 
in a direction in which a light beam propagates. There- 
fore, the width of a dark line corresponding to ATR can 
be adjusted by moving the photodetection means in the 
direction in which a light beam propagates, by the mov- 
ing means. That is, when it is necessary to expand the 
width of the dark line, it becomes possible to make the 
width of the dark line greater than the pitch between the 
light-receiving elements by moving the photodetection 
means away from the dielectric block. Because of this, 
the dark line can be received by two or more light-re- 
ceiving elements. Therefore, the light-receiving ele- 
ments that are receiving the dark line can receive light 
which has a light quantity corresponding to an incident 
angle 8 sp that is used for an analysis of the properties 
of a sample. 

[0033] Therefore, when differentiating the photode- 
tection signals output from the light-receiving elements, 
in the direction in which the light- receiving elements are 
juxtaposed, and then detecting an incidence angle 8^ 
or a change with the lapse of time In the angle from the 
differentiated value, the accuracy of detection is en- 
hanced and therefore an analysis of a sample can be 
accurately made. Since there is no need to provide an 
optical component, such as a lens, a diffusing plate, etc., 
between the dielectric block and the photodetection 
means, a reduction in the light intensity due to an optical 
component can be prevented. In addition, a magnifica- 
tion ratio for the width of a dark line on the photodetec- 
tion means can be set as desired. 
[0034] According to the present invention, there is 
provided means for rotating the photodetection means 
on an axis substantially perpendicular to both the direc- 
tion in which the light beam propagates and the prede- 
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termined direction in which the light-emitting elements 
are juxtaposed. Therefore, the width of a dark line cor- 
responding to ATR can be adjusted by rotating the pho- 
todetection means by the rotation means. For example, 
when it is necessary to expand the width of the dark line, 
the photodetection means is rotated so that a light beam 
falls obliquely on the photodetection means. This makes 
it possible to make the width of the dark line greater than 
the pitch between the light- receiving elements of the 
photodetection means. Because of this, the dark line 
can be received by two or more light-receiving elements. 
Therefore, the light-receiving elements that are receiv- 
ing the dark line can receive light which has a light quan- 
tity corresponding to an incident angle 8 sp that is used 
for an analysis of the properties of a sample. Thus, the 
section for measuring the light beam can be made struc- 
turally simple and compact. When differentiating the 
photodetection signals output from the light-receiving el- 
ements, in the direction in which the light-receiving ele- 
ments are juxtaposed, and then detecting an incidence 
angle 6^ or a change with the lapse of time in the angle 
from the differentiated value, the accuracy of detection 
is enhanced and therefore an analysis of a sample can 
be accurately made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The present invention will be described in fur- 
ther detail with reference to the accompanying drawings 
wherein: 

Figure 1 is a aide view showing a surface plasmon 
resonance sensor constructed according to a first 
embodiment of the present invention; 
Figure 2 is a block diagram showing the electrical 
construction of the surface plasmon resonance 
sensor shown in Figure 1; 
Figure 3A is a graph showing the relationship be- 
tween the incidence angle of a light beam and the 
intensity of the light beam, obtained according to the 
surface plasmon resonance sensor shown in Figure 
1; 

Figure 3B is a diagram showing a photodiode array 
employed in the surface plasmon resonance sensor 
shown in Figure 1 ; 

Figure 3C is a graph showing the relationship be- 
tween the incidence angle of the light beam and the 
differentiated value of the output of photodetection 
means; 

Figure 4 is a side view showing a modification of the 
surface plasmon resonance sensor shown in Figure 

1; 

Figure 5 is a side view showing a leaky mode sensor 
constructed according to a second embodiment of 
the present invention; 

Figure 6 is a side view showing a modification of a 
surface plasmon resonance sensor constructed ac- 
cording to a third embodiment of the present inven- 



tion; 

Figure 7 is a side view showing a surface plasmon 
resonance sensor constructed according to a fourth 
embodiment of the present invention; and 
Figure 8 is a side view showing a modification of the 
surface plasmon resonance sensor shown in Figure 
7. 



[0036] Referring now in greater detail to the drawings 
and initially to Fig. 1 , there is shown a surface plasmon 
resonance sensor in accordance with a first embodi- 
es ment of the present invention. The surface plasmon res- 
onance sensor has a dielectric block 1 0 and a metal film 
1 2. The dielectric block 1 0 Is formed, for example, into 
the shape of a generally quadrangular pyramid, a por- 
tion thereof being cut out. The metal film 12 is formed 
20 on a surface (top surface in Fig. 1 ) of the dielectric block 
10, and is composed, forexample, of gold, silver, copper, 
aluminum, etc. 

[0037] The dielectric block 1 0 is formed, for example, 
from transparent resin, etc., and is thickened at a portion 
25 10a thereof to form a sample holder portion in which a 
liquid sample 11 is stored. In the first embodiment, a 
sensing medium 30 (which is to be described later) is 
placed on the metal film 12. 

[0038] The dielectric block 10 and the metal film 12 
30 constitute a disposable measuring chip. A plurality of 
measuring chips are fitted in chip holding holes 31a 
formed in a turntable 31 , respectively. With the dielectric 
blocks 10 thus fitted in the chip holding holes 31a of the 
turntable 31 , the turntable 31 is intermittently rotated by 
35 a predetermined angle at a time. If a dielectric block 10 
is stopped at a predetermined position, the liquid sample 
1 1 is dropped into the dielectric block 1 0 and held within 
the sample holding portion 1 0a. If the turntable 31 is fur- 
ther rotated by a predetermined angle, the dielectric 
40 block 10 is moved to the measuring position shown in 
Fig. 1 and is stopped there, 

[0039] The surface plasmon resonance sensor of the 
first embodiment, in addition to the dielectric block 10, 
is equipped with a light source 14, which consists of a 

45 semiconductor laser, etc., for emitting a light beam 13; 
an optical system 1 5 for making the light beam 1 3 enter 
the dielectric block 1 0 so that various angles of inci- 
dence are obtained with respect to an interface 1 0b be- 
tween the dielectric block 1 0 and the metal film 1 2; and 

50 a concave lens or diverging lens 16 for diverging the 
beam diameter of the light beam 13 satisfying total in- 
ternal reflection at the interface 10b. The surface plas- 
mon resonance sensor is further equipped with photo- 
detection means 17 for detecting the light beam 13 

55 whose beam diameter has been expanded by the con- 
cave lens 1 6; a differential amplifier array 1 8 connected 
to the photodetection means 17; a driver 19; a signal 
processing section 20 constructed of a computer sys- 
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tern, etc.; and display means 21 connected to the signal 
processing section 20. 

[0040] Fig. 2 shows the electrical construction of the 
surface plasmon resonance sensor shown in Fig. 1 . As 
shown in Fig. 2, the driver 1 9 is constructed of sample 5 

holding circuits 22a, 22b, 22c, for holding outputs of 

the differential amplifiers 18a, 18b, 18c, of the dif- 
ferential amplifier array 1 8; a multiplexer 23 to which out- 
puts of the sample holding circuits 22a, 22b, 22c, 

are input; and an A/D converter 24 for digitizing the out- 
put of the multiplexer 23 and then inputting the digitized 
output to the signal processing section 20. The driver 
1 9 is further constructed of a drive circuit 25 for driving 
the multiplexer 23 and the sample holding circuits 22a, 

22b, 22c, ; and a controller 26 for controls operation 

of the drive circuit25 in response to a control signal from 
the signal processing section 20. 
[0041] As shown in Fig. 1 , the light beam 13 emitted 
divergently from the laser light source 14 is converged 
on the interface 1 0b between the dielectric block 1 0 and 
the metal film 1 2 by the optical system 1 5. Thus, the light 
beam 13 contains components incident at various inci- 
dence angles 8 with respect to the interface 1 0b. Note 
that the incidence angles 8 are equal to or greater than 
a critical angle of incidence at which total internal reflec- 
tion takes place. Hence, the light beam 13 is reflected 
at the interface 1 0b so that it satisfies total internal re- 
flection. The reflected light beam 13 contains compo- 
nents reflected at various angles. 
[0042] Note that the light beam 1 3 is p-polarized and 
then strikes the interface 10b. For this reason, the laser 
light source 14 needs to be disposed so that the polar- 
ization direction thereof becomes a predetermined di- 
rection. Alternatively, the direction of polarization of the 
light beam 1 3 may be controlled with a wavelength plate, 
a polarizing plate, etc. 

[0043] The beam diameter of the light beam 1 3 satis- 
fying total internal reflection at the interface 10b is ex- 
panded by the concave lens 1 6 and is detected by the 
photodetection means 17. The photodetection means 
1 7 in the first embodiment is a photodiode array consist- 
ing of a plurality of photodiodes 17a, 17b, 17c, jux- 
taposed in a row. As shown in Fig. 1, the direction in 
which the photodiodes are juxtaposed is substantially 
perpendicular to the traveling direction of the expanded 
light beam 13. Therefore, the components of the light 
beam 1 3 satisfying total internal reflection at various an- 
gles at the interface 1 0b are received by the different 

photodiodes 17a, 17b, 17c, , respectively. 

[0044] The outputs of the photodiodes 17a, 17b, 17c, 

are input to the differential amplifiers 1 8a, 1 8b, 1 8c, 

of the differential amplifier array 18. Note that the 

outputs of two adjacent photodiodes are input in com- 
mon to a single differential amplifier. Therefore, the out- 
puts of the differential amplifiers 18a, 18b, 18c, are 

considered to be values obtained by differentiating the 
photodetection signals output from the photodiodes 
17a, 17b, 17c, , in the direction in which the photo- 



diodes are juxtaposed. 

[0045] The outputs of the differential amplifiers 18a, 

18b, 18c, are held at predetermined timings by the 

sample holding circuits 22a, 22b, 22c, , respectively, 

and are input to the multiplexer 23. The multiplexer 23 
inputs the held outputs of the differential amplifiers 1 8a, 

18b, 18c, to the A/D converter 24 in a predetermined 

order. The A/D converter 24 digitizes these outputs and 
then inputs the digitized signals to the signal processing 
section 20. 

[0046] Fig. 3A shows the relationship between the in- 
cidence angle 8 of the light beam 1 3 with respect to the 
interface 10b and the above-mentioned light intensity I. 
Light, incident at a specific angle 8 sp on the interface 
10b between the metal film 12 and the sample 11, ex- 
cites a surface plasmon at the interface 10b. Because 
of this, for the light incident at the specific angle 6^, the 
intensity I of the reflected light drops sharply. That Is, the 
specific incidence angle 8 sp is an angle of incidence at 
which ATR occurs. At the specific incidence angle e sp , 
the ref lected-light intensity I becomes the minimum val- 
ue. The sharp drop in the ref lected-light intensity I is ob- 
served as a dark line in the reflected light, as shown at 
D in Fig. 1, 

[0047] Fig. 3B shows the direction in which the pho- 
todiodes 17a : 17b, 17c, are juxtaposed. As described 
previously, the positions of the photodiodes 17a, 17b, 

17c, juxtaposed perpendicular to the reflected light 

correspond to the above-mentioned incidence angles fl. 
Because the beam diameter of the light beam 1 3 reflect- 
ed at the interface 1 0b is expanded by the concave lens 
16, the width d1 of the dark line D on the photodeteotion 
means 1 7 is about twice the pitch between the photodi- 
odes of the photodetection means 1 7. The width d1 of 
the dark line D on the photodetection means 1 7 employs 
the width of a region where light intensity is reduced to 
more than half the difference between the minimum val- 
ue of the light intensity in the dark line region and the 
light intensity in a region other than the dark line. That 
is, the width d1 employs a width equivalent to the re- 
verse of the full width at half maximum intensity 
(FWHM). 

[0048] Fig. 3C shows the relationship between the 
juxtaposed positions of the photodiodes 17a, 17b, 1 7c, 

(i.e., the incidence angles 6) and the outputs I' of the 

differential amplifiers 18a, 18b, 18c, (I.e., the differ- 
entiated values of the reflected-light intensities I). 
[0049] Based on the differentiated value I 1 input from 
the A/D converter 24, the signal processing section 20 
selects a differential amplifier (e.g., the differential am- 
plifier 18e in Fig. 3) whose output is closest to a differ- 
entiated value T = 0 corresponding to the aforemen- 
tioned incident angle from among the differential 
amplifiers 1 8a, 18b, 18c, .—.Then, a differentiated val- 
ue P output from the selected differential amplifier is dis- 
played on the display means 21 . Note that there are cas- 
es where a differential amplifier outputting the differen- 
tiated value P = 0 is present. In that case, it is a matter 
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of course that that differential amplifier is selected. 
[0050] Thereafter, every time a predetermined time 
elapses, the differentiated value I' output from the se- 
lected differential amplifier 18e is displayed on the dis- 
play means 21 . If the dielectric constant or refractive in- 5 
dex of the substance in contact with the metal film 12 
(see Fig. 1) changes and therefore the curve in Fig. 3A 
is shifted in a horizontal direction, the differentiated val- 
ue P is increased or decreased according to the shift. 
Therefore s by continuously measuring the differentiated 
value P with the lapse of time, a change in the refractive 
index of the substance in contact with the metal film 1 2, 
that is, a change in the property of the substance related 
to the refractive index, can be detected. 
[0051] Particularly, in the first embodiment, the sens- 
ing medium 30 that couples with a specific substance in 
the liquid sample 11 is placed on the metal film 12, and 
according to the coupled state, the refractive index of 
the sensing medium 30 changes. Therefore, by contin- 
uously measuring the differentiated value l\ how the 
coupled state changes can be detected. In this case, 
both the liquid sample 11 and the sensing medium are 
samples that are to be analyzed. As a combination of 
the specific substance and the sensing medium 30, 
there is, for instance, a combination of an antigen and 
an antibody. 

[0052] As described above, the first embodiment em- 
ploys the concave lens 1 6 to expand the beam diameter 
of the light beam 13. The width d1 of the dark line D in 
the light beam 13 on the photodetection means 17 is 
expanded to twice the interval of the photodiode of the 
photodeteotion means 1 7, as shown in Fig. 3A. The dark 
line D is received by 4 (four) photodiodes 17d to 17g. 
Because of this, if there is a change in the incidence 
angle 6^ at which ATR takes place, the quantity of the 
light incident on the photodiodes 17d to 17g changes 
according to the angle change. Therefore, by measuring 
the difference between the photodetection signals de- 
tected by the photodiodes 1 7e and 1 7f selected from the 
four photodiodes, that is, a change with the lapse of time 
in the differentiated value between the two photodiodes, 
a change in the incidence angle e sp can be detected with 
a high degree of accuracy. As a result, an accurate anal- 
ysis of a sample can be made. 
[0053] The first embodiment also employs the photo- 
detection means 1 7 consisting of a plurality of photodi- 
odes 1 7a, 1 7b, 1 7c, juxtaposed in a row. Therefore, 

even if the curve in Fig. 3A is greatly shifted in a hori- 
zontal direction according to a change in the liquid sam- 
ple 1 1 , it becomes possible to detect the dark line D ac- 
curately. That is, the use of the photodetection means 
1 7 in the form of an array makes it possible to secure a 
large dynamic range of measurements. 
[0054] Note that the differential amplifier array 1 8, 

consisting of differential amplifiers 18a, 18b, 18c, , 

may be replaced with a single differential amplifier. In 
this case, the outputs of the photodiodes 17a, 1 7b, 17c, 
are switched by a multiplexer so that two adjacent 



outputs are input in sequence to the single differential 
amplifier. 

[0055] In addition, in order to observe the manner in 
which the coupled state between the specific substance 
in the liquid sample 11 and the sensing medium 30 
changes with the lapse of time, the differentiated value 
P maybe calculated and displayed, every time a prede- 
termined time elapses. Furthermore, the difference AP 
between the initial differentiated value P(0) and the dif- 
ferentiated value P (t) measured when a predetermined 
time elapses, may be calculated and displayed. 
[0056] Note that as a modification of the first embod- 
iment, the first embodiment may further be equipped 
with lens insertion means 33 for moving the concave 
lens 16 in and out of the optical path between the die- 
lectric block 10 and the photodetection means 17. The 
lens insertion means 33 renders It possible to insert the 
concave lens 16 between dielectric block 10 and the 
photodetection means 1 7 when it is necessary to ex- 
pand the light beam 13 to widen the dark line D. When 
there is no need to expand the light beam 13, a reduction 
in the quantity of the light beam 1 3 due to the concave 
lens 1 6 can be prevented by moving the concave 1 6 out 
of the optical path between the dielectric block 1 0 and 
the photodetection means 1 7. It is preferable that the 
width of the dark line D incident on the photodetection 
means 1 7 be within a range from about one time the 
photodiode pitch of the photodetection means 17 to 
about four times the photodiode pitch. Therefore, when 
the dark line D is sufficiently wide, it is preferable to 
move the concave lens 16 out of the optical path be- 
tween the dielectric block 10 and the photodetection 
means 1 7. 

[0057] Fig. 5 shows a sensor constructed according 
to a second embodiment of the present invention. Note 
in the figure that the same reference numerals are ap- 
plied to the same parts as those in Fig. 1 , and that a 
description thereof will not be given unless particularly 
necessary. 

[0058] The sensor of the second embodiment utilizing 
ATR is of the aforementioned leaky mode. As with the 
first embodiment, the second embodiment is construct- 
ed so that it employs a plurality of dielectricblocks 1 0 as 
measuring chips. Each dielectricblock 1 0 has a cladding 
layer 40 on a surface thereof (e.g., the top surface in 
Fig. 5), and an optical waveguide layer 41 is formed on 
the cladding layer 40. 

[0059] The dielectric block 1 0 is formed, for example, 
from synthetic resin, or optical glass such as BK7 : etc. 
The cladding layer 40 is formed into the shape of a thin 
film from a dielectric lower in refractive index than the 
dielectric block 10, or metal such as gold, etc. The op- 
tical waveguide layer 41 is also formed into the shape 
of a thin film from a dielectric higher in refractive index 
than the cladding layer 40, such as polymethylmethacr- 
ylate (PMMA). The cladding layer 40 is 36.5 nm in thick- 
ness when it is formed from a thin gold film. The optical 
waveguide layer 41 is about 700 nm in thickness when 



75 



20 



25 



30 



35 



40 



45 



50 



8 



BNSDOCID: <EP 1219953A1_L> 



15 



EP 1 219 953 A1 



16 



it is formed from PMMA. 

[0060] In the leaky mode sensor of the third embodi- 
ment, if a light beam 13 emitted from a laser light 14 
strikes the cladding layer 40 through the dielectric block 
10 at incidence angles equal to or greater than an angle 
at which total internal reflection occurs, the light beam 
13 satisfies total Internal reflection at an interface 10b 
between the dielectric block 10 and the cladding layer 

40. However, light with a specific wave number, incident 
on the optical waveguide layer 41 through the cladding 
layer 40 at a specific incidence angle, propagates in the 
optical waveguide layer 41 in a waveguide mode. If the 
waveguide mode is thus excited, the greater part of the 
incident light is confined within the optical waveguide 
layer 41. and consequently, ATR ocours in which the in- 
tensity of light satisfying total internal reflection at the 
Interface 10b drops sharply. 

[0061] Since the wave number of light propagating in 
the optical waveguide layer 41 depends on the refractive 
index of the sample 11 on the optical waveguide layer 

41 , the refractive index of the sample 1 1 and/or the prop- 
erties of the sample 11 related to the refractive index 
can be analyzed by finding the above-mentioned spe- 
cific incidence angle at which ATR occurs. In addition, 
the properties of the sample 11 can be analyzed based 
on the reflected-light intensity I near the above-men- 
tioned specific incidence angle, or the differentiated val- 
ue T output from each differential amplifier of a differen- 
tial amplifier array 18. 

[0062] In the second embodiment, as with the first em- 
bodiment, the beam diameter of the light beam 1 3 is ex- 
panded by the concave lens 1 6, and the expanded light 
beam 13 falls on the photodetection means 17. There- 
fore, as with the first embodiment, the width 62 of the 
dark line D incident on the photodetection means 17 is 
about twice the pitch between the photodiodes of the 
photodetection means 1 7. The dark line D is received 
by two or more photodiodes. An accurate analysis of the 
sample 1 1 can be made by measuring the difference be- 
tween the photodetection signals output from photodi- 
odes suitably selected from the two or more photodi- 
odes. that is, a change with the lapse of time in a differ- 
entiated value between photodiodes. Note that as with 
the first embodiment, the second embodiment may fur- 
ther comprise lens Insertion means for moving the con- 
cave lens 1 6 In and out of the optical path between the 
dielectric block 10 and the photodeteotion means 17. 
[0063] Fig. 6 shows a sensor constructed according 
to a third embodiment of the present invention. Note in 
the figure that the same reference numerals are applied 
to the same parts as those in Fig. 1 , and that a descrip- 
tion thereof will not be given unless particularly neces- 
sary. 

[0064] The sensor of the third embodiment utilizing 
ATR is the aforementioned surface plasmon resonance 
sensor. As with the first embodiment, the third embodi- 
ment is constructed so that it employs a plurality of die- 
lectric blocks 1 0 as measuring chips. 



[0065] In the surface plasmon resonance sensor of 
the third embodiment, a diffusing plate 50 for diffusing 
a light beam satisfying at an interface 1 0a is disposed 
between the dielectric block 10 and photodetection 
5 means 1 7. The photodetection means 1 7 is used to de- 
tect the light intensity of the light beam 13 diffused by 
the diffusing plate 50. 

[0066] As illustrated in Fig. 6, the light beam 13 emit- 
ted divergently from a laser light source 14 converges 

10 on the interface 1 0b between the dielectric block 1 0 and 
the metal film 12 by operation of an optical system 15. 
The light beam 13 satisfying total internal reflection at 
the interface 1 0b is diffused by the diffusing plate 50 and 
is detected by the photodetection means 17. Note that 

15 the light beam 13 reflected at the interface 10b is dif- 
fused so that the width d3 of a dark line D incident on 
the photodetection means 1 7 Is about twice the pitch 
between the photodiodes of the photodetection means 
17. 

20 [0067] The components of the light beam 1 3 satisfy- 
ing total internal reflection at various angles of reflection 
at the interface 1 0b are received by the different photo- 
diodes 1 7a, 1 7b, 1 7c, , respectively. As with the first 

embodiment, the outputs of the photodiodes 17a, 17b, 

25 1 7c, are input to the differential amplifiers 1 8a, 1 8b, 

18c, of a differential amplifier array 1 8, respectively. 

The outputs of the differential amplifiers 1 8a, 1 8b, 1 8c, 

are held at predetermined timings by sample holding 

circuits 22a, 22b, 22c, , and are input to a multiplexer 

30 23. The multiplexer 23 inputs the held outputs of the dif- 
ferential amplifiers 1 8a, 1 8b, 1 8c, to an A/D convert- 
er 24 in a predetermined order. The A/D converter 24 
digitizes these outputs and then inputs the digitized sig- 
nals to a signal processing section 20. 

35 [0068] In the third embodiment, as with the first em- 
bodiment, the beam diameter of the light beam 1 3 is ex- 
panded by the diffusing plate 50, and the expanded light 
beam 13 falls on thephotodetection means 17. There- 
fore, as with the first embodiment, the width d3 of the 

40 dark line D incident on the photodetection means 1 7 is 
about twice the photodiode pitch. The dark line D is re- 
ceived by two or more photodiodes. Thus, an accurate 
analysis of the sample 11 can be made by measuring 
the difference between the photodetection signals out- 

« put from photodiodes selected suitably from the two or 
more photodiodes, that is, a change with the lapse of 
time in a differentiated value between photodiodes. 
Note that as a modification of the third embodiment, the 
concave lens 1 6 of the leaky mode sensor shown in Fig. 

so 5 can be replaced with the diffusing plate 50. The diffus- 
ing plate 50 may be equipped with plate insertion means 
for moving the diffusing plate 50 in and out of the optical 
path between the electric block 1 9 and the photodetec- 
tion means 17. As another modification of the third em- 

55 bodiment, the diffusing plate 50 may be replaced with a 
zoom lens. In this case, the light beam 13 can be ex- 
panded with a desired magnification ratio so that a de- 
sired width of the dark line D is obtained. 
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[0069] Fig. 7 shows a sensor constructed according 
to a fourth embodiment of the present invention. Note 
in the figure that the same reference numerals are ap- 
plied to the same parts as those in Fig. 1 , and that a 
description thereof will not be given unless particularly 5 
necessary, 

[0070] The sensor of the fourth embodiment utilizing 
ATR is the aforementioned surface piasmon resonance 
sensor. As with the first embodiment, the fourth embod- 
iment is constructed so that it employs a plurality of di- 
electric blocks 10 as measuring chips. 
[0071 ] The surface piasmon resonance sensor of the 
fourth embodiment is equipped with means 60 for mov- 
ing photodetection means 17 along the traveling direc- 
tion of a light beam 13. As illustrated in Fig. 7, the light 
beam 13 emitted divergently from a laser light source 
14 converges on the interface 10b between the dielec- 
tric block 10 and the metal film 12 by operation of an 
optical system 15. The light beam 13 satisfying total in- 
ternal reflection at the interface 1 0b is detected by the 
photodetection means 1 7. When the width of a dark line 
D is narrow, the photodetection means 17 is moved to 
a solid-line position in Fig. 7 by the moving means 60. 
Since the distance from the interface 10b to the photo- 
detection means 1 7 becomes longer and the light beam 
1 3 incident on the photodetection means 1 7 is expand- 
ed, the width d4 of the dark line D on the photodetection 
means 17 is increased to about twice the photodiode 
pitch. 

[0072] The components of the light beam 13 satisfy- 
ing total internal reflection at various angles of reflection 
at the interface 1 0b are received by the different photo- 
diodes 17a, 17b, 1 7c, , respectively. As with the first 

embodiment, the outputs of the photodiodes 17a, 17b, 

1 7c, are input to the differential amplifiers 1 8a, 1 8b, 

1 8c, of a differential amplifier array 18, respectively. 

The outputs of the differential amplifiers 1 8a, 1 8b, 1 8c, 

are held at predetermined timings by sample holding 

circuits 22a, 22b, 22c, , and are input to a multiplexer 

23. The multiplexer 23 inputs the held outputs of the dif- 
ferential amplifiers 1 8a, 1 8b, 1 8c, to an A/D convert- 
er 24 in a predetermined order. The A/D converter 24 
digitizes these outputs and then inputs the digitized sig- 
nals to a signal processing section 20. 
[O073] In the fourth embodiment, the width d4 of the 
dark line D can be expanded to two or more times the 
photodiode pitch without inserting an optical compo- 
nent, such as a lens, a diffusing plate, etc., between the 
dielectric 10 and the photodetection means 17. There- 
fore, an accurate analysis of the sample 1 1 can be made 
by measuring the difference between the photodetec- 
tion signals output from photodiodes selected suitably 
from the photodiodes on which the dark line is incident, 
that is, by measuring a change with the lapse of time in 
a differentiated value between photodiodes. In addition, 
there is no reduction in the light intensity due to a lens, 
a diffusing plate, etc., and the width d4 of the dark line 
D can be adjusted to a desired width. 



[0074] As a modification of the fourth embodiment, 
the moving means 60 may be replaced with rotation 
means 61 . As shown in Fig. 8, the rotation means 61 is 
used to rotate the photodetection means 1 7 on an axis 
substantially perpendicular to both the propagating di- 
rection of the light beam and the juxtaposed direction of 
the photodiodes. When the width of the dark line D is 
narrow, the photodetection means 1 7 is rotated from the 
dotted line position in Fig. 8 to the solid-line position by 
the rotation means 61 . Because the light beam 13 falls 
obliquely on the photodetection means 1 7 and therefore 
the light beam 1 3 incident on the photodetection means 
17 is expanded, the width d5 of the dark line D is also 
expanded to two or more times the photodiode pitch. In 
addition, the width d5 of the dark line D incident on the 
photodetection means 1 7 can be adjusted to a desired 
width by controlling the angle of rotation of the photode- 
tection means 17. Besides, the measuring section for 
the light beam 13 can be made compact. Furthermore, 
if the moving means 60 and the rotational means 61 are 
combined together, the photodetection means 1 7 can 
be moved obliquely 

[0075] As another modification of the fourth embodi- 
ment, the aforementioned leaky mode sensor may be 
provided with the moving means 60, or the rotation 
means 61 , or a combination of them. 
[0076] In the aforementioned embodiments, the width 
of the dark line D on the photodetection means 1 7 is two 
or more times the pitch between the photodiodes of the 
photodetection means 17. However, if the width of the 
dark line D is one or more times the photodiode pitch, 
similar advantages can be obtained. In addition, if the 
dark line D is too wide, the differentiated value will be 
near 0. Therefore, it is preferable that the width of the 
dark line D be equal to or less than 4 times the photodi- 
ode pitch. 

[0077] Although the present invention has been de- 
scribed with a certain degree of particularity, it is under- 
stood that the present disclosure has been made only 
by way of example and that numerous changes in the 
details of the construction and the combination and ar- 
rangement of parts may be made within the scope of the 
invention hereinafter claimed. 



45 

Claims 

1. A sensor utilizing attenuated total reflection, com- 
prising: 

50 

a dielectric block; 

a thin film layer, formed on a surface of said di- 
electric block, for placing a sample thereon; 
a light source for emitting a light beam; 
55 an optical system for making said light beam 

enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
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said dielectric block and said thin film layer; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 5 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection; 

differentiation means for differentiating photo- 
detection signals outputfrom the light-receiving to 
elements of said photodetection means, in said 
predetermined direction in which said light-re- 
ceiving elements are juxtaposed; and 
adjustment means for optically expanding the 
width of a dark line, corresponding to said at- ts 
tenuated total reflection, of said light beam 
which falls on said photodetection means, so 
that the width of said dark line becomes greater 
than a pitch between said light-receiving ele- 
ments. 20 

2. A sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 25 
a metal film, formed on a surface of said diele- 
otric blook, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making said light beam 
enter said dielectric block at various angles of 30 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said metal film; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 35 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection caused by surf ace plasmon resonance; 40 
differentiation means for differentiating photo- 
detection signals outputfrom said light-receiv- 
ing elements of said photodetection means, in 
said predetermined direction in which said 
light-receiving elements are juxtaposed; and 
adjustment means for optically expanding the 
width of a dark line, corresponding to said at- 
tenuated total reflection, of said light beam 
which falls on said photodetection means, so 
that the width of said dark line becomes greater so 
than a pitch between said light-receiving ele- 
ments. 

3. A sensor utilizing attenuated total reflection, com- 
prising: 55 

a dielectric block; 

a cladding layer formed on a surface of said di- 



electric block; 

an optical waveguide layer, formed on a surface 
of said cladding layer, for placing a sample ther- 
eon; 

a light source for emitting a light beam; 
an optical system for making said light beam 
enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said cladding layer; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection caused by excitation of a waveguide 
mode in said optical waveguide layer; 
differentiation means for differentiating photo- 
detection signals output from said light-receiv- 
ingelements of said photodetection means, in 
said predetermined direction in which said 
light-receiving elements are juxtaposed; and 
adjustment means for optically expanding the 
width of a dark line, corresponding to said at- 
tenuated total reflection, of said light beam 
which falls on said photodetection means, so 
that the width of said dark line becomes greater 
than a pitch between said light-receiving ele- 
ments. 

4. The sensor as set forth in claim 1 , further compris- 
ing means for moving said adjustment means in and 
out of an optical path between said dielectric block 
and said photodetection means, 

5. The sensor as set forth in claim 2, further compris- 
ing means for moving said adjustment means in and 
out of an optical path between said dielectric block 
and said photodetection means. 

6. The sensor as set forth in claim 3, further compris- 
ing means for moving said adjustment means in and 
out of an optical path between said dielectric block 
and said photodetection means. 

7. The sensor as set forth in claim 1 , wherein said ad- 
justment means is a diverging lens. 

8. The sensor as set forth in claim 2, wherein said ad- 
justment means is a diverging lens. 

9. The sensor as set forth in claim 3, wherein said ad- 
justment means is a diverging lens. 

10. The sensor as set forth in claim 1 , wherein said ad- 
justment means is a diffusing plate. 
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1 1 . The sensor as set forth in claim 2, wherein said ad- 
justment means is a diffusing plate. 

12. The sensor as set forth in claim 3, wherein said ad- 
justment means is a diffusing plate. 

13. The sensor as set forth in claim 1 , wherein said ad- 
justment means is a zoom lens. 

14. The sensor as set forth in claim 2, wherein said ad- 
justment means is a zoom lens. 

15. The sensor as set forth in claim 3, wherein said ad- 
justment means is a zoom lens. 

16. A sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 

a thin film layer, formed on a surface of said di- 
electric block, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making said light beam 
enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said thin film layer; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection; 

differentiation means for differentiating photo- 
detection signals output from the light-receiving 
elements of said photodetection means, in said 
predetermined direction in which said light-re- 
ceiving elements are juxtaposed; and 
means for moving said photodetection means 
in a direction in which said light beam propa- 
gates. 

17. A sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 

a metal film, formed on a surface of said dielec- 
tric block, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making said light beam 
enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said metal film; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
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receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection caused by surface plasmon resonance; 
differentiation means for differentiating photo- 
detection signals output from said light-receiv- 
ing elements of said photodetection means, in 
said predetermined direction in which said 
light-receiving elements are juxtaposed; and 
means for moving said photodetection means 
in a direction. in, which said light beam propa- 



18. A sensor utilizing attenuated total reflection, com- 
• prising: 

a dielectric block; . 

a cladding layerprmed on a surface of said di- 
electric block; 

an optical waveguide layer, formed on a surface 
of said cladding layer, for placing a sample ther- 
eon; 

a light source for emitting a light beam; 
an optical 'system for making said light beam 
enter sajd dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said cladding layer; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection caused by excitation of a waveguide 
mode in said optical waveguide layer; 
differentiation means for differentiating photo- 
detection signals output from said light-receiv- 
ing elements of said photodetection means, in 
said predetermined direction in which said 
light-receiving elements are juxtaposed; and 
means for moving said photodetection means 
in a direction in which said light beam propa- 



19. A sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 

a thin film layer, formed on a surface of said di- 
electric block, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making said light beam 
enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said thin film layer; 
photodetection means, comprising a plurality of 
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light- receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection; 

differentiation means for differentiating photo- 
detection signals output from the light-receiving 
elements of said photodetection means, in said 
predetermined direction in which said light-re- 
ceiving elements are juxtaposed; and 
means for rotating said photodeteotion means 
on an axis approximately perpendicular to both 
a direction in which said light beam propagates 
and said predetermined direction in which said 
light-emitting elements are juxtaposed. 

20. A sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 

a metal film, formed on a surface of said dielec- 
tric blook, for placing a sample thereon; 
a light source for emitting a light beam; 
an optical system for making said light beam 
enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said metal film; 
photodetection means, comprising a plurality of 
light-receiving elements juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
interface, for detecting said attenuated total re- 
flection caused by surface plasmon resonance; 
differentiation means for differentiating photo- 
detection signals output from said light-receiv- 
ing elements of said photodetection means, in 
said predetermined direction in which said 
light-receiving elements are juxtaposed; and 
means for rotating said photodetection means 
on an axis approximately perpendicular to both 
a direction in which said light beam propagates 
and said predetermined direction in which said 
light-emitting elements are juxtaposed. 

21. A sensor utilizing attenuated total reflection, com- 
prising: 

a dielectric block; 

a cladding layer formed on a surface of said di- 
electric block; 

an optical waveguide layer, formed on a surface 
of said cladding layer, for placing a sample ther- 
eon; 

a light source for emitting a light beam; 

an optical system for making said light beam 



enter said dielectric block at various angles of 
incidence so that a condition for total internal 
reflection is satisfied at an interface between 
said dielectric block and said cladding layer; 
s photodetection means, comprising a plurality of 

light-receiving eleinents juxtaposed in a prede- 
termined direction and disposed to respectively 
receive components of said light beam satisfy- 
ing said total internal reflection condition at said 
10 interface, for detecting said attenuated total re- 

flection caused by excitation of a waveguide 
mode in said optical waveguide layer; 
differentiation means for differentiating photo- 
detection signals output from said light-receiv- 
15 ing elements of said photodetection means, in 

said predetermined direction in which said 
light-receiving elements are juxtaposed; and 
means for rotating said photodetection means 
on an axis approximately perpendicular to both 
20 a direction in which said light beam propagates 

and said predetermined direction in which said 
light-emitting elements are juxtaposed. 

22. The sensor as set forth in any one of claims 1 
25 through 3, wherein said differentiation means cal- 
culates a difference between photodetection sig- 
nals output from two adjacent light-emitting ele- 
ments of said photodetection means. 

30 23. The sensor as set forth in any one of claims 1 
through 3, wherein said photodetection means is a 
photodiode array. 
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